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Uppfinningens beniimiuiig 

Oroll'slSSn* Equalizer P*nanctcn for Sampling Clock Oscillator Conirol in an 
Beskrivnii^ av d« ttkniska problem uppfinningen avser 

n2c??S e»*n>JrSlr 'nfonnaiion Idr dcnni slymmg ui den mona^t sig- 

Beskrivning av uppfinning«Q 

I cu multicafricr5>stcm av op OFDM (mkl. DMT.i anvinds oftasi «n adjpiiv 

f**;"*^ »n(«n"-»t">n oo kanalen» egcn.kaper, iven infomianon 
som kan lolkas som udsavvikcisc mellan iiindaisns och motugwcns Mmplmg*. 
hJockor. Lppfinningen utn>-njar denna informauon f6r an si>Ta mortacarens smj- 
pungsklocM pa eti robustart sati An tidigare ickmk mcdgcr ' * " 

Sc i<x 6vrigi bifogad bcsknvning av uppfinningcn (dok.nr. 3X361 iTCPA 109 0013). 

I vllken produkt eUer i vllket sammaDhang kan uppfimmisen 
komma an anvandas? ^ ttuu-Kru 

Ifdrsta hand I ADSL- och VDSL-mcdem wunt system fdr reUtiw siationira kanaler 
Pnnc:pcn ardocK allmangilug och kan c%cntuelh vara anvindbtr *ven i mobila och 
scniimobila >anunanhang (radiokar.aJj. 

Pi \ad satt sklljer sig uppfinningea fran Udigare kand trknik? 

lidsavvikclKH mellan sAndarcns och moctaear- 
ens lamphngsklockor. Delia innefaitar avcn awikelscr pi rtera oenodcr vilket in. 
nrbar an symbcJ^rXnscr ocksl $ty« till rtit lage. RobKtheten «hSf cinom at 



03-W«-l?y? a3»43 TELIA R£Sc»<CH r* 

WLtPatart-ochijftw J* mi^i-ii Sft^uT ^ ^ 

1997 -03- 0 3 

6 Om de tekaiska problem uppftnninsen avscr bar losts genom 
uppfiiminseti, beskriv hur detu bar verifierats. 

Teorerisk uireUning och daionimulering«. Impleroentenng av metoden kornmer 
eveniuclU att gdra* tcnare Inoro pAg^nde projekt. 

7 Ingir uppflnnlngen I nfigot p&g&endc Intemt eUer «xternt projekt? 

Metoden bar uivecklat* inom VDSL-projckiei MUSIC, som behandlar brrdbandig 
access Over koppamftt. 
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Using Adaptive Equalizer Parameters for Sam- 
pling Clock Oscillator Control In an OFDM Sys- 
tem 



Abstract 

A method for sampling clock oscillator control in an OFDM system, based on adac- 
uve equaluer mformation, is described. The method assumes that the linear part of 
the cqualiw panimeier argument vector is related to the frame timing deviation The 
esrimaiion of the fiaine Uming deviation is done entirely in the freguency^omain and 
the deviation e>timatei$ used as a feed-back control signal for the samplina clock os- 
cillator. The term OFDM system olso includes DMT systems. 

Svstcm environment 

This method of >ampling clock oscilIa:cr conuol is intended to work in a system de- 
scnbcd by the block diagram in Figure I . 



AtoojimiM 



%\MWGL 
CCCOUTJl 



CUNTHOL 
ALCOaiTHM 



Figure I. Equalif rr and .sampling control unit 
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The frcqucncy*<lomain data is the Fourier transrormed received time-domain OFDM 
frumes. The time-dorr.uin fmrne^ air sampled in synchronism with ihe transmitter vo 
that each received frame contains data from only one transmitted frame This is im- 
portant in order to maintain the orthogonality of the frames. 

Figiux 2 shows a co^-nmon time-<iomain format for the transmission of OFDM 
frames. 
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Figure 2* Tlmc^omaln OFDM data format 



The signalling interval contains a cyclic prefix and a frame The cyclic prefix is a copy 
of the last part of the frame. This means that a frame sampled anywliere inside the 
signalling interval will contain dau from one cransmiucd frame only* A deviation 
from the exact frame ummg thus leads to a cyclic permutation of the frame, but the 
onho^omdity is still majniained. 



Frame timing deviatioa estimation and sampling doci^ control 

A training procedure is rvcessary ac stan*up. The frame timing is adjusted until the 
received frames are sampled mside the signalling interval. The sampling clock frc* 
quency must also be adjusted to be close enough to tlie transmitter clock frequency, 
so the equalicer is able to follow the changes in the timmg deviation* 

The generation of frame start pulses u done by counting sampling clock intervals. 
Therefore, after the initial setting of this timing dunng the training procedure, it will 
be modified b} the feed back control of the sampling clock oscillator. 

After the training ptoctdurc the equalizer parartjetcrs £Q will represent the compleJi 
frequency -iJomain inverse of the channel. If there is a deviation from the coacct lim- 
ing of tlic time-domain s^unplmg of the frames, there will also be a lincair pan of the 
equalizer inverse channel model argument function. 

The exact linear argument function caused by the liming deviation is not available, 
but an approximation can be estimated using the cquali/er parameters. The argument 
function of the equalizer parameters is generally non-linear, but a linear part can be 
found by taking it^c .iverage slope of the argument function. This slope estimate is 
used as a feed-back signal to control the sampiinc clock osi:illaior ficquency. The 
slope Will converge iowarJ> zero as the sa.'Tipling clock control loop settles. 

The rc^>t of t^ic chanr.cl inverse model is taken care of by the equalizer, which contin- 
uously adapts to v£ria(ions in the sample timmg. 

The urlvdiiluve of this method is that the equalizer and the sampling control use well 
dciined .4:parate parts of the channel inverse model to achieve an output frequency- 
domain signal u ith zero phase deviation relative to the transmitted signal. 



• t » 



}/0363a/FCP A 109 00! J A 1997^2-25 Invention Description 1 ?0» 

^ ^ ^jjjM_ijuj^ 11^— • mm I _ 

1997 -03- 0 3 

4 Estimation of the unwrapped argument function linear part 

The arf ument function of tbe cquabzer parametcn is the vector ol arsumenu o! the 
individuaJ complex elements. The argument of a complex number is the inv ert tan- 
f eni of the imaginv> pan divided by thi real part. A problem involved in this caicu- 
laiion IS that the inverse tanfient function is peiiodic v^iih the period 2n radians. In 
this apphcaiion it is nccessanr to handle larger arguments than n radians, which is the 
range of the inverse tangent funaion. An assumption used here is that the ditTerence 
in argument between adjacent panimetcrs is smaller than n radians. It is then possible 
to compensate for each discontinuity due to the inverse tangent functioii pchodiciiv 
and thus unwrap the argunKnt function. 

The average slope of the lineai part can be calculated as shown in equation ( 1 ). or 
by some other standard method, using the unwrapped ari^ument function of Xj^. 



(1) 



If the lowest frequency carriers aie not present in the fn»me. it is not possible lo find 
the true argument function since there will be an unknown starling value of the avail- 
able part of the function. This is not a problem in this application, since the slope can 
still be calculated. 

Equation (2) shows an algorithm that gives the average slope of a contiguous band of 
active earners. Indexes «o and are (he lower and upper limits respectively of the 
band. Index n; divides the band into two equal parts. If several separate bands are 
used, equation (2) is applied to each band and the average of the results h calculated. 



Tbe algonthm accordinj to equation (2) gives a very simple hardware implementa- 
tion. 



5 Specific novelty of the invention 

The unique innovation in ihw new mechod is the separation of the inverse ch.mnel 
model imo oiw part that is sample timing dependent and another pan that is not 

If the sample timing and the equalizer axe controlled b> separate methods they mi^hr 
counteract each orheis actions, since the equalizer is aiso able lo lake care of a time 
delay. This situation mi^hl eveniuully lead to a dnfi of the frame timmg out of the 
correct interval (the cyclicly permuted interval). That can not happen when this new 
method is used. 

The sample liming control using this new mcCiod will aiso be very robust in the case 
of disiurbafKes. ^ince every active earner is used in the timing deviation e.stirnation. 
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